In this study, we evaluated the tissue composition, the ratios between different issues, and the allometric growth of tissues from the commercial cuts neck, shoulder, rib, and leg, and of the carcass of Texel lambs. Thirty uncastrated male lambs born from single calvings were used in this experiment. Lambs were weaned, confined individually, and distributed into five treatments with six replications. Each treatment consisted of a predefined slaughter weight (T23 -initial slaughter, T25, T30, T35, and T40). The proportion of bone decreased linearly in the shoulder, rib, and legs, but remained constant in the neck. The proportion of muscle decreased in the rib, whereas in the other cuts it remained constant. The percentage of fat increased as the slaughter weight of the lambs was increased, for all cuts. In all cuts and in the carcass, bone and muscle showed early growth (b<1), whereas fat displayed late growth (b>1). The proportion of bone decreased and fat increased linearly in the carcass, and the proportion of muscle was not influenced by the slaughter weight of the lambs. The muscle/fat ratio decreased in all cuts, and consequently in the half-carcass, as the slaughter weight was increased. The muscle/ bone ratio increased in the shoulder, rib, leg, and half-carcass, but there was no significant effect on the neck. The bone and muscle tissues showed early growth, whereas the fat had late growth in the different commercial cuts and carcass of Texel lambs. The tissue growth pattern of the shoulder may be representative of the allometric growth of the different carcass tissues. An increase in the slaughter weight of Texel lambs leads to a reduction of the muscle/fat ratio, due to the higher deposition of fat in the carcass of these animals. 
Introduction
There are many factors determining the quality of a carcass and its cuts; however, it is known that the consumer has a preference for products with the right amount of fat and good meat yield. For this reason, younger animals must be produced. This type of animal/category can be obtained in a large scale if investments are made in technology, as is the case of lamb finishing held in the feedlot, a technique adopted to maximize production and also produce carcasses according to the demand of the consumer market.
According to Sañudo and Sierra (1993) , despite the complexity of tissues that form it, in practice, the carcass tissue composition corresponds to the amounts of fat, muscle, and bone, which vary according to many factors, among which are the age, genetic basis, management system, and feeding. Full dissection of the carcass for measuring the amount of these three tissues is the most accurate method for its evaluation.
The use of breeds specialized for meat production -pure or resulting from crossbreeding -is an important instrument in the search for quality sheep meat (CARVALHO et al., 2005) . Oliveira et al. (1998) studied the meat production of sheep of five genotypes and emphasized that Texel lambs showed a lower percentage of bone in the leg and shoulder and a higher percentage of muscle compared with the Romney Marsh, Corriedale, Ideal, and Merino breeds. Therefore, the breed aspect is clearly decisive in the tissue composition of commercial cuts that make up the sheep carcass.
In addition to the evaluation of amount and proportion of tissues, another study is necessary: the relative development of each one of them in relation to body growth and of each carcass region. According to Black (1983) , tissues that increase in weight at a higher rate than body weight, in the post-natal period, are classified as early, and tissues with the opposite characteristic are considered late.
An increase in body weight can determine alterations in the carcass characteristics and traits of commercial interest. As an example, the muscle/ bone and muscle/fat ratios are altered, with the former increasing along with the slaughter weight, and the second decreasing.
This study aimed to evaluate the tissue composition and the ratios between tissues, in addition to investigating their allometric growth in relation to the cuts made in the carcass of Texel lambs slaughtered with different weights.
Materials and Methods
The experiment was conducted in the Sheep Farming Laboratory at the Department of Animal Science as part of the Graduate Program in Animal Science of the Federal University of Santa Maria (UFSM), located in Santa Maria, RS, Brazil, in the period between September and December 2011. Thirty uncastrated male lambs of the Texel breed, born from single calvings, were used in the experiment. The animals were confined in fully covered individual stalls with slatted floor, approximately 1.0 m above the soil, with 2 m 2 per animal.
A completely randomized experimental design with five treatments and six replications was adopted. Treatments consisted of different predefined slaughter weights, except for the first, in which case the weight represented the average calculated as the sum of live weight of the six lambs on the slaughter day performed on the last day of the pre-experimental period. Accordingly, the following treatments were tested: T23 -23.4 kg live weight (initial slaughter); T25 -25 kg live weight; T30 -30 kg live weight; T35 -35 kg live weight; and T40 -40 kg live weight.
Lambs remained with their mothers, on a natural pasture, until they reached approximately 50 days of age, when they were weaned and then confined. The diet was composed of sorghum silage (Sorghum bicolor (L) Moench), ground corn (Zea mays L.), soybean meal (Glycine max L.), and a mineral mix, calculated to meet the requirements recommended by NRC (2007) for a daily weight gain of 0.250 kg. All lambs received the same experimental diet (Table  1) . Animals were fed twice daily, at the predefined times of 08h30 and 16h30. The amount supplied to the animals was adjusted so as to keep refusals at 10% of the total provided on the previous day. The experimental period was preceded by 14 days of acclimation to the facilities, feeding, and management conditions. The feeding trial began after the acclimation period, extending to the moment in which each lamb reached the predefined slaughter weight, according to the treatments. At the beginning of the experimental period, six lambs (T23), representing the animals that started the experimental period, were slaughtered. Animals were weighed at the beginning of the experimental period and at every interval of seven days.
Once the lambs reached the predefined slaughter weight, they were weighed for determination of live weight at slaughter. Next, the lambs were sacrificed by sectioning the carotid arteries and jugular veins. After each slaughter, carcasses were weighed individually and then chilled for 24 h in a cold room at a temperature of 2 ºC. After this period, carcasses were weighed again, and the right halfcarcasses were subjected to regional, or anatomical separation, according to Osório et al. (1998) , into neck, shoulder, rib, and leg. These cuts were identified, packed, and frozen for later evaluation of tissue composition.
After thawing, the cuts were dissected with a scalpel for determining the amounts of bone, muscle, fat, and other tissues (ganglia, fascia, tendons, and great vessels). Each of the tissues that made up the cuts were weighed on an electronic scale and their proportion was calculated relative to the respective cut.
A completely randomized design with five treatments and six replications was adopted. After data collection, results were subjected to analysis of variance, and the linear, quadratic, and cubic models were tested, using the significance of the regression coefficients and the determination coefficient as criteria to identify the best model. SAS (2001) statistical package was used for the analyses. To check the b=1 hypothesis, (Student's) t test was applied with a significance level of 5%. The growth was termed isogonic when b=1, indicating that the survival rates of "y" (tissue component) and "x" (weight of the cut) were similar in the growth interval in consideration. When b≠1, the growth was considered heterogonic: early if b < 1 and late of b > 1.
The present study is part of a project approved by the Ethics Committee on Animal Use of the Center for Rural Sciences at the Federal University of Santa Maria (CEUA-UFSM), under case no. 006.
Results and Discussion
The proportion of bone decreased linearly in the shoulder, rib, and legs, and remained constant in the neck (Ŷ= 18.37%) as the live weight at slaughter (LWS) was increased ( Table 2 ). The proportion of muscle decreased only in the rib, whereas in the other cuts it remained constant, averaging 49.85%, 56.51%, and 63.41% for neck, shoulder, and leg, respectively. The percentage of fat increased from 23 to 40 kg LWS in all cuts, indicating that the heavier the animal, the larger the proportion of fat in any of the carcass cuts. This result was expected, because as the live weight of the lambs was increased, more fat was deposited in their carcass and consequently in the evaluated commercial cuts, which also led to a higher fattening degree of these carcasses.
Comparing the results of the present study with those reported by Mendonça et al. (2008) in Texel lambs born in August, kept on an improved native field, and slaughtered at an average age of 129 days, the proportion of bone in the shoulder and leg in all treatments was lower than that obtained by these authors: 22.12% and 21.46%, respectively. The percentage of muscle of these same cuts was higher (except for the leg on T40), as they found mean values of 49.85% in the shoulder and 58.02% in the leg. However, the percentage of fat of these two cuts in the carcasses of animals from T30 was the same in both studies. The nutritional effect on the carcass tissue composition has been widely studied, and it has been shown that animals with a better feeding regime yield carcasses of better quality, demonstrated by the greater muscle development, good fat deposition, and lower proportion of bones (DIAZ et al., 2002; SANTOS-SILVA et al., 2002) . In a comparison of the regression equations obtained by , who evaluated crossbred Texel lambs slaughtered with different weights, in both studies, the proportion of bone in the shoulder decreased and that of fat increased. However, while in the afore-mentioned study the proportion of muscle also increased, in the present investigation it remained constant. As regards the leg, only fat deposition was equal, increasing in both studies, because while these authors found an increase in percentage of bone and muscle, in our experiment the percentage of bone decreased and muscle remained constant.
In both cuts, the bone and muscle showed early growth (b<1), while the fat showed late growth (b>1) ( Table 3) . However, the earliness of the bone tissue varies slightly between regions, with earlier progression in shoulder and rib than neck and leg. also found early growth for the bone tissue in all of the carcass cuts of lambs born from Texel sheep. This tissue also showed to have a faster growth in the shoulder (b=0.64811) and, unlike the present study, in the leg (b=0.53736) than in the other cuts (ribs (b=0.84876), T-bone (b=0.72319), and neck (b=0.82294)). Therefore, the results of the present study corroborate those obtained by Rosa et al. (2002) , who evaluated Texel ram and ewe lambs under different feeding methods and reported that, in uncastrated lambs, muscle growth in the shoulder was relatively more accelerated, and thus considered of early growth.
Galvani et al. (2008) evaluated feedlot-finished
Texel × Ile de France lambs slaughtered with different weights and observed that, irrespective of the cut, fat showed late growth (b>1), whereas the bone growth was early (b<1).
Similarly to the results found in this experiment, Santos et al. (2001) studied the allometry of tissues in feedlot Santa Inês lambs slaughtered at 15, 25, 35, and 45 kg LW, and observed early bone growth and late fat growth in relation to all cuts made in the carcass. The muscle tissue, in turn, had a relatively late growth in the leg, with b=1.039, unlike what occurred in the present study, in which this tissue, in relation to the leg, was early, with b=0.97531. These authors also concluded that the adequate slaughter weight range to meet the demands of the consumer market with respect to fat deposition are between 15 and 35 kg LW, because this tissue shows a positive heterogonic behavior, and is thus of late deposition, increasing with the increase in slaughter weight.
The weights in kg of bone, muscle, and fat in the half-carcass increased as the LWS of the lambs increased (Table 4) . Mean values were close to those obtained by in Texel × Ideal lambs also confined and slaughtered with different weights (20.9 kg, 28.3 kg, and 32.6 kg LW). According to Osório et al. (2002) , when the carcass weight is increased, the weights of bone, muscle, and fat increase, and consequently so does the weight of the carcass regions or commercial cuts. The proportions of bone and fat tissues increased linearly, while the proportion of muscle was not affected by the slaughter weight of the lambs. These results corroborate the assertion of Osório et al. (2000 Osório et al. ( , 2002 , that, considering the same breed, when the carcass weight is increased, the proportion of bone is reduced and fat increases, while the muscle tissue remains constant; i.e., the carcass gets proportionally fatter. In this regard, according to , at birth, the animal displays a high proportion of bones that decreases as a function of the increased fat tissue deposition resulting from the advance of maturity.
In the present study, in T30 animals, the mean values of the proportions of tissues in the halfcarcass were 16.18% bone, 56.38% muscle, and 19.90% fat, while Pires et al. (1999) obtained bone, muscle, and fat percentages of 22.04%, 62.70%, and 16.40%, respectively, in feedlot-finished uncastrated lambs born from Texel rams and Texel × Ideal ewes, slaughtered at 100 days of age with an average live weight of 27.9 kg. However, all proportions agree with those obtained by Bueno et al. (2000) , who evaluated Suffolk lambs slaughtered at different ages and also found a decrease in the percentage of bone, an increase in the proportion of fat, and no variations in the muscle.
Therefore, as occurred with the cuts, the allometric growth of the tissues from the halfcarcass of the lambs was considered early (b<1) for bone and muscle, and late (b>1) for the fat (Table 5) . Results were similar to those obtained by Galvani et al. (2008) , whose values indicated that the increased carcass weight implied a reduction of the growth rate of bones and muscles (b<1) and an increase in the fat growth rate (b>1), which may impair the sale of the carcass of animals slaughtered with heavier weights. Thus, excess fat is a limiting factor in the production of heavier lambs, requiring the identification of breeds and crosses capable of generating more desirable carcasses, especially when animals are fed so as to achieve elevated weights. Rosa et al. (2005) , working with Texel lambs, and Santos et al. (2001) , with Santa Inês and Bergamasca lambs, also reported early bone growth and late growth of the fat tissue. However, they reported similar muscle tissue growth to that of carcass. These divergences may, however, be related to the composition and tissue growth in the different regions of the carcass. Additionally, found that the muscle growth of lambs born from Texel rams with Texel × Ideal ewes is isometric in relation to the carcass and its cuts, indicating that on the average age range of 105 days of age, weights above 33 kg (packing-plant weight) may not be the most adequate, since high percentages of muscle and good fat deposition in the carcass are obtained up to this weight. The allometric coefficients of bone, muscle, and fat in the shoulder (Table 3) are very close to those obtained in the different tissues of the animal carcass ( Table 5 ), suggesting that the tissue growth pattern of this cut can be representative of the allometric growth of the different carcass tissues.
After the dissection of all tissues in the halfcarcass and regression analysis of the ratios among them, we observed that the muscle/fat ratio decreased in all cuts, and consequently, in the halfcarcass with the increase in lambs' LWS (Table 6 ). The muscle/bone, ratio, however, increased in the shoulder, rib, leg, and half-carcass, and there was no significant effect on the neck (Ῡ = 2.80). The fat of all cuts grows late, whereas muscle growth occurs early, indicating that the highest muscle/fat ratio will be obtained in the carcass (regardless of the cut) of younger animals, i.e., those slaughtered with lower weights.
The muscle/bone ratio of the carcass of animals from T30 was similar to that found by , who also found a ratio of 3.42:1 in lambs born from Texel rams and Texel × Ideal ewes in the feedlot and slaughtered at 32.57 kg live weight.
In comparison with the results obtained by Mendonça et al. (2008) , who evaluated Texel lambs born in August, kept with their mother on a native field and slaughtered on average at 129 days of age, we can state that, in the present study, the muscle/ bone ratio in the shoulder and leg was higher in the animals from all treatments, whereas the muscle/fat ratio was only higher in T23 and T25. The lower muscle/fat ratio in the animals of the majority of the treatments in the current study, compared with the experiment of Mendonça et al. (2008) , was likely due to the difference in the type of diet supplied to the animals, since animals finished in a complete feedlot system naturally deposit more fat in the carcass as a result of the presence of the concentrate, and hence the higher energy level of the diet.
The muscle/bone ratios of the leg of the animals from all treatments, except T23, were similar to the average 3.64 obtained by Moreno et al. (2010) , who evaluated diets with different proportions of roughage and concentrate in feedlot Ile de France lambs slaughtered with an average weight of 31.6 kg. The muscle/fat ratio found in the present experiment, however, was higher than the average 4.08 observed by these researchers. However, this ratio in the leg of animals from T23, T25, and T30 was close to the 5.71 found by Fernandes et al. (2010) in feedlot-finished Suffolk lams slaughtered with 32 kg LW.
Conclusions
Bone and muscle tissues show early growth, whereas the fat has late growth in the different commercial cuts and in the carcass of Texel lambs. Furthermore, the proportion of bone decreases and that of fat increases in the carcass of Texel lambs as they grow. The tissue growth pattern of the shoulder can be representative of the allometric growth of the different carcass tissues. The increase in slaughter weight of Texel lambs leads to a reduction of the muscle/fat ratio as a consequence of the greater fat deposition in the carcass of these animals.
